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at 5% and 21% O2. (iii) The content in sulfated GAGs was the
same or increased in micromass cultures arisen from cells ex-
panded at 1.5% compared to 21% O2, whereas the content of
GAGs using a safranin O based assay consistently showed a
significant increase. (iv) Micromass cultures from cells expanded
at 1.5% O2 showed remarkably stronger staining for GAGs, with
cells localized within lacunae, as compared to cultures from cells
expanded at 5% and 21% O2. (v) The collagen type II positive
matrix colocalized with cells expressing col(II) mRNA.
Conclusions: The lower CS- and the higher LDH-activity in cells
expanded at 1.5% suggest that an anaerobic metabolism can be
maintained during the expansion phase. These cells retain the
capacity to develop a cartilage-like matrix in subsequent micro-
mass cultures with respect to the content of GAGs. The data
suggests that applying hypoxic conditions during the expansion
phase of chondrocytes may improve the cartilage-like proper-
ties of cell-based constructs used for the treatment of cartilage
lesions.
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BLOOD LEAD LEVELS ARE ASSOCIATED WITH MORE
SEVERE RADIOGRAPHIC KNEE OSTEOARTHRITIS
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University of North Carolina, Chapel Hill, NC
Purpose: Appreciation of the role of bone in the pathogenesis
of osteoarthritis (OA) is gaining importance, but mechanisms
involved in this process are unclear. Lead (Pb) exposure occurs
throughout the lifetime and is primarily stored in bone. Pb is
a skeleton toxicant. Toxicological studies have demonstrated
adverse effects of Pb on bone formation and resorption by
affecting both osteoclasts and osteoblasts. Emerging evidence
also suggests chondrocytes as another target of Pb toxicity.
Whether Pb exposure is involved in OA pathogenesis has not
been explored. We examined associations between whole blood
Pb levels and radiographic knee OA in African American and
white men and women in the Johnston County Osteoarthritis
Project.
Methods: Blood Pb levels of 790 adults (mean age 60.2 (10.4),
44% African American; 34% male) in the Johnston County Os-
teoarthritis Project Metals Exposure Sub-study were determined
by inductively coupled plasma mass spectrometry (Inorganic
Toxicology Laboratory of CDC-National Center for Environmental
Health, Atlanta, GA). Radiographic knee OA (rKOA) was defined
as Kellgren-Lawrence grade 2-4 using fixed flexion posterior-
anterior knee films read by a single trained radiologist. Two
rKOA variables were examined: 1) laterality (bilateral vs. uni-
lateral/none) and 2) severity (moderate/severe vs. mild/none).
General linear models were used to assess associations be-
tween rKOA variables and logarithmically-transformed Pb levels
(lnPb), adjusting for age group (45-54, 55-64, 65-74, 75 years
and older), gender, race, education (12+ years vs. <12 years),
body mass index, current alcohol use and current smoking sta-
tus (yes, no). Multiple logistic regression was used to examine
associations between rKOA outcomes and blood Pb (in quin-
tiles), adjusting for age group (45-54, 55-64, 65-74, 75 years
and older), gender, race, education (12+ years vs. <12 years),
A32 – Table 1. Correlations of radiographic scorinng and dietary vitamin D intake
Male and female Male Female
β p value β p value β p value
Tibio-femoral K and L score -0.150 0.028 -0.133 0.17 -0.169 0.08
Tibio-femoral Joint space score -0.048 0.28 -0.050 0.17 -0.045 0.44
Tibio-femoral osteophyte score -0.149 0.013 -0.104 0.21 -0.201 0.019
Patello-femoral K and L score -0.057 0.36 -0.026 0.74 -0.093 0.34
Patello-femoral Joint space score -0.025 0.66 0.017 0.83 -0.074 0.38
Patello-femoral osteophyte score -0.112 0.069 -0.059 0.47 -0.172 0.063
body mass index, current alcohol use and current smoking status
(yes, no). Interactions by race and by gender were tested, with
p-values for an interaction term of <0.1 required for statistical
significance.
Results: Median Pb levels were 2.0 (range 0.5 - 42). Adjusted
least squares means for lnPb were higher in older age groups
(p = 0.001), African Americans vs whites, (1.26 vs 0.87, p <
0.0001), men vs women (1.20 vs 0.93, p < 0.0001), those with
less educational attainment (1.16 vs 0.97, p < 0.0001), current
alcohol users (1.22 vs 0.91, p < 0.0001), current smokers (1.21
vs 0.92, p < 0.0001), those with bilateral rKOA (1.12 vs 1.00, p
= 0.03), and those with severe rKOA (1.13 vs 1.00, p = 0.01).
Compared to those in the lowest quintile, those in the highest
quintile of blood Pb had a 60% increased odds of bilateral
rKOA (aOR = 1.6 [0.7, 3.3]) and twice the odds of severe rKOA
(aOR = 2.1 [1.0, 4.4]). There were no significant race or gender
interactions.
Conclusions: Our cross-sectional analyses showed that in-
creased blood Pb was associated with rKOA severity in African
American and white men and women, supporting the hypothesis
that environmental Pb exposure may be a novel and potentially
modifiable risk factor for adverse OA outcome. Prospective stud-
ies are warranted to investigate the role of Pb in OA development
and progression.
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Purpose: Low intakes of dietary vitamin D have been associated
with an increased incidence of hip osteoarthritis and progression
of knee osteoarthritis. There is however, little data on the asso-
ciation with patello-femoral joint osteoarthritis. The exact mecha-
nism of this association is uncertain. The aim of this study was to
assess whether dietary vitamin D intake was associated with the
prevelance of radiographic knee osteoarthritis and to determine
whether this association was due to effects on osteophytosis
or joint space narrowing and also to explore associations with
patello-femoral osteoarthritis.
Methods: This study was conducted using the MRC Hertford-
shire Cohort Study of 957 men and women born between 1931
and 1939. They completed a detailed lifestyle questionnaire, in-
cluding a formal food frequency questionnaire. They also had AP
weight bearing and lateral non weight bearing radiographs of the
knee. Radiographs were graded according to the Kellgren and
Lawrence scale, but also separately for osteophytes and joint
space narrowing using the Baltimore grading scale. Vitamin D
intake was calculated from dietary sources and additionally from
food supplements. Intake was divided by kilo calories to produce
vitamin D dietary density.
Results: We studied 498 men and 459 women with the following
characteristics: age 64.8 (60.5-69.1) and BMI 26.5 (21.3-31.7).
15.7% of patients had osteoarthritis defined by a K&L score of at
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least 2 in at least 1 knee. 13.6% had an osteophyte score of at
least 2 and 4.6% joint space narrowing of at least 2. Tibio-femoral
osteoarthritis was present in 35.9% of patients. The mean intake
of vitamin D was 3.17 micrograms a day, which is well below the
recommended daily intake. Vitamin D intake was negatively as-
sociated with tibia femoral K&L score (p=0.028) and osteophyte
score (p=0.013) but not tibio-femoral joint space score (p=0.28).
The correlations were stronger in females than males, although
the difference was not statistically significant. There were no
associations between vitamin D intake and patello-femoral joint
space score. There was no association between supplementary
vitamin D intake and any of the radiographic variables.
Conclusions: Low vitamin D intake is associated with an in-
crease prevelance of radiographic osteoarthritis and this is par-
ticularly driven by osteophytosis. There is no association with
patello-femoral disease. Further work exploring vitamin D intake
and osteoarthritis is recommended.
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Purpose: We have previously observed that the bone morpho-
genetic protein 5 gene BMP5 demonstrates a high degree of
differential allelic expression (DAE) in articular cartilage chon-
drocytes, implying the presence of polymorphism within cis-
regulatory elements of the gene. Our hypothesis is that this
polymorphism confers OA susceptibility. The aim of this study
was to map the variants that correlate with DAE at BMP5 and to
then test their association with OA in a case-control cohort.
Methods: We genotyped 41 haplotype-tagging SNPs within a
416 kb interval encompassing and flanking BMP5 in 23 OA
patients for whom we had determined the allelic expression
profile. DAE status and SNP genotype were then correlated
using the nonparametric Mann-Whitney test. Overall levels of
BMP5 expression in chondrocytes were determined using real-
time (RT)-PCR. Association analysis was performed on a cohort
of 605 females with primary hip OA and 730 female controls, all
of UK Caucasian origin. Ethical approval was obtained from local
ethics committees.
Results: A SNP located 5kb downstream of BMP5 demonstrated
significant correlation with DAE status (P < 0.005). The minor
allele of the SNP was also correlated with an overall reduction in
BMP5 expression as assessed by RT-PCR (P = 0.03). Homozy-
gotes for the minor allele were significantly more prevalent in our
cases (5.5%) than our controls (2.1%) with a P-value of 0.002
and odds ratio of 2.7 (95% CI 1.5-5.1). A subsequent detailed
analysis of the HapMap revealed that the associated SNP is part
of an extended haplotype block up to 80kb in length.
Conclusions: We have generated both genetic and functional
data that support a role for downstream cis-acting regulatory
elements of BMP5 as OA susceptibility loci.
Research into Ageing and the Arthritis Research Campaign
supported this study.
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Purpose: Primary osteoarthritis (OA) is the most common cause
of joint disability in the developed world. A number of phenotypic
risk factors have been identified and genetic factors are also
major determinants of disease. The objective of this study was
to assess how much of the risk of knee OA could be predicted
by combinations of genetic polymorphisms associated in other
populations with hip and/or knee OA.
Methods: Genetic polymorphisms in OA candidate genes were
genotyped in 298 men and 305 women aged 50-86 diagnosed
with knee OA assessed clinically and radiographically, and in 300
male and 299 female age and ethnicity matched controls. 18 OA
candidate genes which had been previously reported to influence
knee or hip OA risk or both were studied: FRZB, COMP, COL2A1,
VDR, AACT, ADAM12, CILP, BMP2, LRCH1, ESR1, OPG, TNA,
COX2, CD36, NCOR2, TNFAIP6,ASPN, CALM1. Genotype fre-
quencies at a total of 37 polymorphisms in the above genes were
compared between cases and controls separately by gender. We
fitted a multivariate model with estimated knee OA risk as a func-
tion of all the polymorphisms in genes which were involved in this
population as well as in independent studies. A new "OA genetic
risk" variable was derived using the best fit in women with a
minimum value of 0 and a maximum of 6. This same model was
then tested in men.
Results: We found that SNPs in 12 genes were significantly
associated with disease susceptibility in women in our cohort
and SNPs in 8 of the genes were associated in men. The
proportion of individuals affected with knee OA in the case-
control study indicated that a much higher prediction of OA
risk can be achieved by combining several genes which have
consistently shown to be involved in OA genetic susceptibility.
In particular we found that comparing women with a high "OA
genetic risk" (>4) to those with low genetic risk (<2.5) resulted
in an odds ratio of 11.15 (95%CI 5.1, 24.6p< 1 x 10-16). In men
the same comparison resulted in OR= 4.27 (95%CI 2.4, 7.7 p<1
x 10-7).
Conclusions: These data indicate that using a multiple gene
approach, a higher genetic risk prediction is achievable in women
with OA.
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RETINOIC ACID SENSITIVE PROTEIN (CD-RAP) -
A NOVEL TREATMENT OPTION FOR OSTEOARTHRITIS
S.D. Pippig, K. Hellerbrand, C. Dony
Scil Technology, Martinsried, Germany
Purpose: Osteoarthritis is a significant worldwide health problem
owing to the progressive and debilitating nature of the condition,
which results in high morbidity and a marked decrease in the
quality of life. It is the most common articular disorder in humans.
New treatment options for this disease are required because
currently no consistently working treatments are available.
Cartilage-derived retinoic acid sensitive protein (CD-RAP) is a
highly specific marker for chondroid differentiation and has been
shown in in vitro and in vivo assays to be a crucial determinant
in cartilage differentiation and maintenance. It was evaluated
whether CD-RAP alleviates or prevents cartilage degradation in
an animal model of osteoarthritis.
